The study was carried out during [2007][2008] season in the research field of Wheat Research Centre, Bangladesh Agricultural Research Institute, Dinajpur to know the effect of lime, Magnesium (Mg) and Boron (B) on yield and yield components of wheat and also their residual effect on mungbean. The geographical position of the area is between 25°62´ N, 88°63´ E and 38.20 meter above sea level. The experiment was laid out in Randomized Complete Block Design with three replications, both in wheat and mungbean. Treatments for wheat were (I) recommended fertilizer + Mg + B, (II) recommended fertilizer + lime + B + Mg, (III) recommended fertilizer + lime + Mg, (IV) recommended fertilizer + lime + B and (V) control (Only recommended fertilizer) and for mungbean were (I) recommended fertilizer + Mg + B, (II) 75% of recommended dose, (III) recommended fertilizer + B, (IV) recommended fertilizer + Mg and (V) control (without fertilizers). Results showed that the highest yield and yield components of wheat were recorded from recommended fertilizers + lime + B + Mg treated plot and the second highest were recorded from recommended fertilizers + lime + Mg treated plot. The lowest was recorded in control plot (only recommended fertilized). In case of mungbean the highest was found from recommended fertilizers + B treated plot, this treatment was limed in previously cultivated wheat crop and the lowest was recorded from control plot (without fertilizer).
Introduction
Acid soil is the type of soil in which the quantity of free H + ions is higher than that of alkali or alkaline earth cations. Most of the soils of Bangladesh are low to medium acid in reaction, due to the predominance of high rainfall areas and leaching. There are mainly three groups of acid soils found in Bangladesh, such as: acid basin clay, acid sulphate soil and brown hill soil (Alam, 2006) . In northern part of Bangladesh is covered by acid sulphate soil and it is an additional problem to cultivation, due to deficiencies of molybdenum (Mo) and boron (B), and toxicities of aluminum (Al) , manganese (Mn) or hydrogen ion (H + ) (Marufuzzaman et al., 2010) . On most acid soils, there are several limiting factors for plant growth, including toxic levels of Al, Mn, and iron (Fe), as well as deficiencies of some essential elements, such as phosphorus (P), nitrogen (N), potassium (K), calcium (Ca), Mg, and some micronutrients (Kochian et al., 2004) . Among these constraints, Al toxicity and P deficiency are the most important due to their ubiquitous existence and overwhelming impact on plant growth (Kochian et al., 2004) .
Soil pH is one of the most important soil properties that affect the availability of nutrients. Macronutrients tend to be less available in soils with low pH. Micronutrients tend to be less available in soils with high pH. Lime can be added to the soil to make it less sour (acid) and also supplies calcium and magnesium for plants to use (NCDACS, 2011) . Rahman et al. (2002) reported that application of lime influenced the nutrient availability of soil, resulting increased the yield and yield components of both anaerobic rice and yearly aerobic wheat cropping system. Magnesium is the central core of the chlorophyll molecule in plant tissue. If Mg is deficient, the shortage of chlorophyll results in poor and stunted plant growth. The foliar application of zinc (Zn), K or Mg had a positive effect on growth parameters, yield and yield components of mungbean was reported by Thalooth et al. (2006) . Kassab (2005) indicated that foliar application of Zn, Mg, Mn and Fe significantly increased growth parameters, yield and its components of mungbean plants.
Boron, a micro-nutrient, is essential for pollen viability and seed production of crops as well as flowering and fruiting and it plays a vital role in nitrogen metabolism, hormonal action and cell division (BARI, 2006) . Boron availability in soils is very much depending on soil reaction (pH). The effect of liming on reducing B availability to plants is well known in agricultural crops, and it is at least partly caused by increased absorption of B in the soil as the pH increased (Gupta et al., 1985) . They also reported the influence of B fertilizers depends strongly on the soil types, because B adsorption varies between different soils.
Residual effect of fertilizers is very important for economical crop production. It is defined as the proportion of the fertilizer nutrient that remains in the soil and stays effective after the season of application. This assumption is also supported by Rowell (1994) and Warren (1992) . Srisa-ard (2007) reported that residual effects of applied chemical fertilizers to main crops of soybean gave better growth and seed yields of sunflower plants and it is considered to be the first choice. He also stated the use of sunflower and maize as main crops gave a second choice for subsequent crop of sunflower. The residual effect of lime significantly increased soil pH to 4.8 and 5.0 respectively, in the second season and also significantly increased exchangeable Mg from 0.10 to 0.30 cmolckg -1 (ZARI, 2011 ). Fatell et al. (2007 found residual effect of lime significantly increased crop yield up to four years. Grain and haulm yields of residual crop greengram were significantly influenced by the residual effect of boron applied to the previous crop (Renukadevi et al., 2004) . Magnesium fertilizer residues slightly increased grass yields in the one season, but not later. However, % Mg in the grass dry matter was increased by the residues for the whole 7-5 year period. Exchangeable Mg was also increased in soil sampled after the final harvest, especially in the 23-46 cm subsoil (Bolton and Penny, 2009 ).
It was reported that the cropping sequence can help to reduce the level of nitrate sensitivity to soil that will affected the rate of biological nitrogen fixation (Peoples et al., 1995a) . When a legume is sown immediately after a cereal, it might fix more N2 as compared to when it is grown immediately after another N2-fixing legume, because the level of soil nitrate will be low when the preceding crop is a cereal (Peoples et al., 1995b) .
Cropping sequence and crop responses to lime, B and Mg and their residual effects on proceeding crops are still unknown of a major part of northern Bangladesh. Considering the above facts, the present study has been undertaken to know the effect of lime, Mg and B on yield and yield components of wheat (Triticum aestivum L.) and their residual effect on mungbean (Vigna radiata L.).
Materials and Methods

Experimental site for both wheat and mungbean
The study was carried out in Rabi (Winter) and Kharif-1 (Summer) seasons of [2007] [2008] , 1988) . The geographical position of the area is between 25°62´ N, 88°63´ E and 38.20 meter above sea level. The soil of the experimental plot was sandy loan and reaction is acidic (Table 1 ). The experimental site was covering about 21% wheat areas of the country, for suitable weather (comparatively cooler and longer winter) (Bodruzzaman, et al., 2005) .
Experimental procedures for wheat
The experiment was laid out in Randomized Complete Block Design with 3 replications. For wheat treatments were-(I) recommended fertilizer + Mg + B, (II) recommended fertilizer + lime + B + Mg, (III) recommended fertilizer + lime + Mg, (IV) recommended fertilizer + lime + B and (V) control (Only recommended fertilizer). Unit plot size was 5×4 m. For liming, CaCO3 was applied in treatment wise at the rate of 2 t ha -1 and irrigation was done immediately after application. Mg and B were applied treatment wise at the rate of 10 and 1 kg ha -1 , respectively.
For wheat experiment variety Prodip (BARI Gom-24) was used. Seed was treated with Provax-200 WP an effective seed treating fungicide, consisting of Carboxin and Thiramon. Sowing was done on 04 December 2007 in lines 20 cm apart at a seed rate of 140 kg ha -1 . Recommended fertilizer dose for wheat was 120-35-50-20-4 kg ha -1 N-P-K-S-Zn. Two-third of N and full amount of other fertilizers were applied as basal during final land preparation. Rest 1/3 of N fertilizer was applied after first irrigation on 21 days after sowing (DAS). Second and third irrigations were given at booting (47 DAS) and grain filling (78 DAS) stage. Weeds were controlled by spraying 2, 4-D Amine on 30 DAS. Other intercultural operations were done properly. The crop was harvested plot-wise at full maturity. Plots were harvested for wheat 3m long middle 19 rows (3×4m), for avoiding boarder effect. The sample plants were harvested separately. The harvested crop of each plot was bundled separately, tagged and taken to threshing floor. The bundles were thoroughly dried in bright sunshine, weighed and threshed respectively.
Data on wheat experiment
Data on plants m -2 (no.), tillers m -2 (no.), spikes m -2 (no.), plant height at maturity (cm), spike length (cm), Spikelets spike -1 (no.), grains spike -1 (no.), 1000-grain weight (g), straw yield (t ha -1 ), grain yield (t ha -1 ) and harvest index (%)were recorded. Grain yield was adjusted to 12% moisture. The harvest index (%) was calculated according to the following formula.
Harvest index (%) = Grain yield / Biological yield (grain yield + straw yield) ×100
Experimental procedures for mungbean
After harvested of wheat mungbean was grown in the same plots. Treatments for mungbean experiment were-(I) recommended fertilizer + Mg + B, (II) 75% of recommended dose, (III) recommended fertilizer + B, (IV) recommended fertilizer + Mg and (V) control (without fertilizers). According to the research finding (Fatell et al., 2007) , it was assumed that the effect of liming would continue at least for the next crop. For this reason liming was not done before mungbean. The recommended dose of fertilizers for mungbean as 20-20-30-10-4 kg ha -1 N-P-K-SZn. Mg and B were applied treatment wise at the same rate for wheat. All the fertilizers were applied as basal during final land preparation.
Variety BARI Mug-6 was sown on 11 April 2008 at a seed rate of 30 kg ha -1 in lines 30 cm apart. The light irrigation was done just after sowing. Thinning was done on 11 DAS. Weeding was done 24 DAS. Insecticide was applied 2 times. Other intercultural operation was done when necessary. Crop was harvested at full maturity.
Data on mungbean
Data on plants m -2 (no.), plant height at harvest (cm), Fresh weight of plants m -2 (g), pods plant −1 (no.), pod length (cm), seeds pods −1 (no.), 1000-grain weight (g), biological yield (t ha -1 ) and grain yield (t ha -1 ) were recorded.
Data on soil
Soil pH was measured immediately before liming, and 56 and 70 Days after liming (i.e. 42 and 56 DAS). Soil pH was measured in a 1:2 soil/water using glass electrode pH meter. Organic carbon was determined by Walkley and Black oxidation method (Walkley and Black, 1934) , total N was determined by micro Kjeldhal method (Jackson, 1958) . Ca and Mg were determined by extractable method (Hunter, 1972) , P, K, S and Zn were determined by modified Hunter's methods (BARC, 1984) B was determined colorimetrically by the Azomethine-H method (Sippola and Ervio, 1977) .
Data analysis
Data were complied and subjected to statistical analysis. Analysis of variance (ANOVA) was done and means separation was done according to Duncan's New Multiple Range Test (Gomez and Gomez, 1984) .
Results and Discussion
The results of pre-seeding soil analysis indicated that soil pH of the experimental site was 4.46 and organic matter content was 1% (Table 1) . Total N was 0.05% which was much below at critical level i.e. the soil was very deficient in N content. Based on critical level of these plant nutrients Ca, Mg, K, S, B and Zn were low, but P was high. On an average, the soil was deficient in nitrogen and other element except available P and reaction of soil was acidic. It was observed that soil pH increased after liming in the liming treated plots (Table 2 ). Soil pH of untreated plots was also increased, but increment was lower compared to lime treated plots. 
Yield and yield components of wheat
Yield and yield components of wheat were significantly influenced by lime, Mg and B application (Table 3) . Plant population per m 2 was similar in all the plots. The highest number of tillers and spikes per m 2 , and plant height were obtained from recommended fertilizer + lime + Mg + B treated plot, which was at par with recommended fertilizer + lime + Mg and recommended fertilizer + lime + B. The lowest was recorded from only recommended fertilizer treated plot. Spike length of wheat plays an important role in the number of grains per spike and ultimately the yield. Spike length of wheat mainly controlled by the genetic make up of a genotype and also environmental factors (Islam, 1995) . The longest spike and highest number of spikelets spike -1 were obtained from recommended fertilizer + lime + Mg + B and the second highest was recorded from recommended fertilizer + lime + Mg and recommended fertilizer + lime B. The shortest spike was resulted from only recommended fertilizer treated plot. Number of grains spike -1 is very important parameter contributing grain yield. Number of grains spike -1 depends on the length of spike and it is determined by genetic make up and growth factors prevailing during the growth period (Islam, 1995) . Number of grains spike -1 has a direct bearing on the final grain yield in wheat and varies with growing conditions. The maximum grains spike -1 was found from recommended fertilizer + lime + Mg + B treated plot which was at par recommended fertilizer + lime B treated plot. The second highest grains spike -1 was recorded from recommended fertilizer + Mg + B and recommended fertilizer + lime B treated plot. The lowest grains spike was resulted from recommended fertilizer treated plot. Thousand grain weight of wheat is one of the most important yield contributing characters of wheat for good yield. The heavier 1000-grains weight found when the crop treated with recommended fertilizer + lime + Mg + B which was statistically similar with recommended fertilizer + lime B. The lowest 1000-grains were resulted from recommended fertilizer treated plot. Straw yield was the highest when application of recommended fertilizer + lime + Mg + B. The second highest straw yield was obtained recommended fertilizer + lime B treated plot which was similar to recommended fertilizer + lime + Mg and the lowest was recorded from recommended fertilizer treated plot. Kumer et al. (1994) reported that the straw yield decreased probably due to the fact that plant got unfavorable growing condition at vegetative stage, as a result became thinned and produced fewer tillers which in turn decreased the straw yield. On the other hand, grain yield of wheat significantly affected by different treatments. It was reported that the highest grain yield was found when the crop grown with recommended fertilizer + lime + Mg + B. The second highest grain yield was resulted from recommended fertilizer + lime + Mg treated plot which was statistically similar with recommended fertilizer + lime B treated plot. Harvest index of crop fully depends on grain yield and biological yield of crop. Harvest index of wheat was also significantly affected by treatment effect. The highest harvest was obtained when the crop grown with recommended fertilizer + lime + Mg + B which was statistically similar with recommended fertilizer + Mg + B and recommended fertilizer treated plot. Within a character in column, means followed by different small letter(s) significantly different at 1% and 5% level by DMRT and same small letter(s) or without letter are not significantly different at 1% level by DMRT. Several workers suggest that lime application in acid soil is beneficial for soil health and improving the upland crop yield (Lal and Mathur, 1989; Prasad, 1992) . The beneficial effect of liming on irrigated rice yields also reported by Mukhopadhyay et al. (1984) . Rahman et al. (2002) stated that application of liming increased the yield and yield components of both rice and wheat. They also found that soil pH, available P and B, exchangeable Ca and Mg contents in the soil were increased; resulting increased the grain yield of both rice and wheat. They also stated that Mg application increased wheat yield, but not increased rice yield.
Yield and yield components of mungbean
Yield and yield components of mungbean also significantly influenced by different treatments effect, plant population per m 2 was not significantly influenced (Table 4) . Data on Table 4 shows that the tallest plant was produced when the crop treated with recommended fertilizer B, which was at par with recommended fertilizer + Mg + B treated plot. It was observed that the plant height of treatments 75% recommended fertilizer, recommended fertilizer + Mg and without fertilizer was not significantly influenced with each other. The highest total fresh weight of plant per m 2 was found from recommended fertilizer B treated plot, which was at par with recommended fertilizer + Mg + B, recommended fertilizer + Mg and 75% recommended fertilizer treated plots. The lowest total fresh weight of plants per m 2 was found from without fertilizer treated plot. Number of pods plant -1 was the highest when the plot treated with recommended fertilizer B. The second highest was recorded from recommended fertilizer + Mg + B which was at par 75% recommended fertilizer treated plot and the lowest was recoded from without fertilized plot. The tallest pod was recorded from recommended fertilizer B and the lowest was obtained from without fertilized plot. It was observed that there was no significance differences of pod length between the treatments recommended fertilizer + Mg + B, 75% recommended fertilizer and recommended fertilizer + Mg. Considering on seeds pod -1 the highest was found from recommended fertilizer B treated plot, which was similar to recommended fertilizer + Mg + B treated plot and the lowest was resulted from without fertilizer plot. The heaviest 1000-seed and biological yield were found from recommended fertilizer B treated plot and the second highest was recorded from recommended fertilizer + Mg + B treated plots. The lowest was recorded from without fertilizer plot. Significantly higher and similar grain yield was found in recommended fertilizer + Mg + B, recommended fertilizer B and recommended fertilizer + Mg treated plots and the lowest was recorded from without fertilizer plot. ns = Non significant,* & ** = Significant at 5% and 1% level Within a character in column, means followed by different small letter(s) significantly different at 1% and 5% level by DMRT and same small letter(s) or without letter are not significantly different at 5% level by DMRT. T1 = Recommended fertilizer + Mg + B, T2 = 75% of recommended dose, T3 = Recommended fertilizer + B, T4 = Recommended fertilizer + Mg and T5 = control (without fertilizers).
It was observed that the higher yield and yield components of mungbean was found from recommended fertilizers B treated plot, which were some times statistically similar to recommended fertilizers B + Mg treated plots and lowest was recorded absolutely from control plot. These results might be after application of lime in previous crop help to availability of B and Mg for plant uptake, which ultimately help to increase nodulation of mungbean, resulting increased yield and yield components of mungbean. Similar results related to the study also found by several workers (Bolanos et al., 1996; Rahman et al., 1999; O'Hara, 2001 ) who reported B is an essential micronutrient for the development and functioning of nitrogen-fixing root nodules in legumes. B and Mg are important nutrients for BNF and it was also reported by Giller (2001) , Adjei et al. (2002) . In case of absolutely control plot in preceding crop did not apply lime with recommended fertilizer as a result pH was very low (acidic), which can induce deficiency of some essential plant nutrients, for example P and Mo, which will lead to a reduction in the number and size of nodules and BNF (Marschner, 1995) .
Conclusion
From the results it is concluded that yield and yield components of wheat were the highest recommended fertilizers + lime + Mg + B treated plot and the second highest were recorded from recommended fertilizers + lime + Mg treated plot. The lowest was recorded in control plot (only recommended fertilized). In case of mungbean the highest was found from recommended fertilizer + B treated plot, which was limed in previously cultivated wheat crop and the lowest was recorded from control plot (without fertilized).
